This study was conducted to evaluate the external physical quality and sensory quality of eggs fed diets added with purslane meal (Portulaca oleraceae) as a source of alpha-linolenic acids. The materials used were Hy-Line Brown laying hen (n= 150 hens, 54 weeks old). The design of the study was a one way classification with five experimental diets. Each diet was replicated five times with five hens for each replication. The diets were formulated by supplementing purslane meal to a basal diet. The levels of purslane meal were 0% (T0), 2% (T1), 4% (T2), 6% (T3), 8% (T4). The diets were given to the hens for 35 days with 7 days of adaptation period. To analyse the external quality of the eggs, a total of 30 eggs (n=6 per dietary treatment) collected at day 33, 34, and 35 were used. The sensory analysis used eggs from day 32. The results of the external quality of eggs showed that the addition of purslane meal (Portulaca oleracea) into the diets of laying hens reaching a level of 8% tended to increase egg weight and did not decrease shell thickness, shell weight, the shape index, and specific gravity (P>0.05). Dietary inclusion of purslane meal up to a level of 8% significantly increased (P<0.01) the preference of egg yolk color while texture, taste, flavor, and overall acceptance were not affected. The conclusion is that purslane meal can be included in the laying hen diets up to a level of 8% without decreasing the external physical quality and the sensory quality of boiled eggs. Diets containing purslane meal increase the preference of egg yolk color due to the increase in yolk color intensity.
INTRODUCTION
Eggs are animal food products that have the potential to meet human nutrition requirements because eggs contain high nutritional value. The nutritional content of egg yolk is protein 17.07%, fat 32.21%, and minerals 2.03% (Faitorone et al., 2013) . Efforts to improve the quality of eggs can be pursued through feeding strategies. Diets supplemented with feed ingredients rich in omega-3 (n-3) fatty acids, sourced from the sea, such as fish meal and fish oil has been reported to increase the n-3 fatty acid content of eggs produced, especially in the form of eicosapentaenoic acid and docosahexaenoic acid (Cachaldora et al., 2008 and Lawlor et al., 2010) . A study conducted by Garcia-Rebollar et al. (2008) found that the addition of fish meal or fish oil to the feed had a negative effect on the quality of egg sensory, mainly related to consumer acceptance. Eggs containing n-3 fatty acids (EPA and DHA) tend to have fishy and off-flavor aromas (Bou et al., 2005 and Chekani-Azar et al., 2008) . Therefore, an alternative source of alpha-linolenic acid (n-3 PUFA / ALA) is needed from plants. ALA is a precursor of all n-3 long chain fatty acids (n-3 LCPUFA) that are very beneficial for human health, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).
Purslane (Portuca oleraceae) is a plant rich in PUFA n-3 fatty acids that is commonly found in Indonesia (Aydin and Dogan, 2010) . About 100 g of fresh purslane leaves contain 400 mg ALA (Uddin et al., 2014) . Purslane is also rich in calcium, potassium, β-carotene, folic acid, vitamin C, and anti-oxidants (Irawan et al., 2003) .
Fresh purslane contains calcium 65 mg/ 100 g, potassium 494 mg/100 g, magnesium 68 mg/100 g, alpha-tocopherol 22.2 mg/ 100 g; ascorbic acid 26.6 mg/100 g (Uddin et al., 2014) , and beta-carotene 5.4 mg/ 100 g (Irawan et al., 2003) .
The use of plant sources rich in n-3 PUFA is expected to be able to enrich the content of n-3 fatty acids and egg quality without decreasing the organoleptic quality of eggs. The increase of ALA content in chicken feed also has the potential to provide health benefits for chickens. Kartikasari et al. (2017) reported that the total n-3 PUFA of chicken heart tissue increased by 4-5-fold with an increase in the level of n-3 PUFA feed. One of the determinants of the external quality of eggs, among others, is the strength of the shell so that adequate calcium availability can affect the process of eggshell formation (Jacob et al., 2009 ). The research results of Kartikasari (2013) showed that the use of ALA from plant sources such as canola and flaxseed in the form of vegetable oil can increase the content of n-3 LCPUFA without reducing egg production and quality. According to the research of Nobakht (2014) , the use of 2% purslane has no effect on the quality of eggshell compared to control. Kartikasari et al. (2015) found that supplementation of purslane meal to a level of 6% increased egg yolk colour, and did not reduce the quality of eggs such as egg weight, egg yolk weight, albumin index, yolk index and haugh unit value. Leeson and Summer (2005) found that increasing ALA in feed can increase egg size and weight. In relation to the organoleptic quality of the product, Irawan et al. (2003) added that there was no negative effect on egg sensory quality with the addition of n-3 fatty acids sourced from vegetable. In terms of quantity and quality, purslane plants have the potential as an alternative feed source of alpha-linolenic acid which can replace n-3 fatty acids from the sea. until now, there is little information and data related to the quality of egg produced with the use of purslane meal, especially in brown laying hens, has not been done much. Based on the description above, it is necessary to study the physical and organoleptic quality of chicken eggs from laying hens fed dietary treatments enriched with purslane meal.
MATERIALS AND METHODS

Research material
The study used 150 laying hens of HyLine brown strains aged 54 weeks, with an average body weight of 1.84 ± 0.11 kg. Other research materials used were the ingredients of a basal diet and purslane meal. Other nutrients needed for laying hens were prepared according to the National Research Council/NRC (1994).
Research methods
The research design was a Complete Random Design in a unidirectional pattern. The treatment factor was five dietary treatments and each treatment consisted of six replications. Each replication used five laying hens. Upon arrival, laying hens were immediately given sugar and water, and then were weighed to obtain the initial body weight. All chickens were then placed in individual cages that had been given a code that indicated the treatment and replication. The location of the cage is determined randomly through the draw. The dietary treatment consisted of a basal diet based on corn and soybeans with purslane meal supplementation. The composition of the experimental diets were basal diet + 0% purslane meal (T0), basal diet + 2% purslane meal (T1), basal diet + 4% purslane meal (T2), basal diet + 6% purslane meal (T3), and basal diet+ 8% purslane meal (T4). The purslane used in this study was a red purslane. The method of producing purslane meal follows the procedure described by (Evaris et al., 2015) with several modifications, with the following steps: 1) purslane was cleaned first, then the roots were removed and cut into pieces; 2) purslane was aerated; 3) purslane was heated in an oven at a temperature of 55-60°C for 72 h; and 4) purslane was mashed in a flour mill machine and then sieved with a mesh sieve (size 80) to obtain purslane meal. The purslane meal contains 18.5% of total n-3 fatty acids, consisting of 18% of PUFA (ALA) 18% and EPA of 0.5% (Waite Lipid Analysis Service, School of Agriculture, Food and Wine, University of Adelaide, Australia). The composition of the dietary treatments and nutritional value of the diets are shown in Table 1 . The chickens were kept for 35 days with an adaptation period of 7 days. Feed provided for adaptation consisted of 100% basal diet (day 1), mixture of basal diet and experimental diet with a ratio of 75:25 (day 2, 3), 50:50 (day 4), 25:75 (day 5, 6) and 0:100 (day 7). Dietery treatments and drinking water were provided in an ad libitum manner. The time of feeding was at 06:30 am and 14.00 pm. Egg collection for external quality testing was carried out on the 35 th day. Eggs were collected at 11:00 am and 16:30 pm. The number of eggs tested was 1 egg for each replication per day and was taken randomly. External quality data was then analyzed statistically. The evaluation of boiled egg sensory quality used eggs produced on the 32 nd day of rearing chickens.
Egg weight testing
Eggs were placed on the egg tray, then weighed using a digital scale with an accuracy of 0.01 g. The individual weight of the egg was then calculated (Dunn-Horrocks et al., 2011) .
Egg index testing
The egg index was determined by measuring and comparing the width of the egg to the length of the egg. To determine the egg index, the following formula (Gul et al., 2012) was used:
Egg index (100) = 100 x lenth Egg width Egg
Egg specific gravity testing
The egg specific gravity (g/ml) was measured by the Archimedes method with a tool designed to determine the egg volume. Density can be calculated by the formula (Hamilton, 1982) as follows:
Egg density (g/ml) = (ml) volume Egg (g) weight Egg
Shell weight testing
The weight of the shell was measured by separating the shell from the egg yolk and the albumen after breaking the egg. Egg shells were washed with running water then the shells were heated in the oven at 60°C for 12 h. Eggshells were weighed using a digital scale with accuracy of 0.01 g (Cufadar, 2014) . 
Sensory quality testing
The panelists used were semi-trained panelists. Panelists were recruited by asking questions using a questionnaire, especially about the possibility of an allergy to eggs, the level of preference and frequent consumption of eggs. A total of 33 panelists who met the criteria provided an assessment of the organoleptic quality of eggs. Sample preparation and sensory evaluation procedure were performed according to Kartikasari (2013) . Chicken eggs were washed clean then boiled in boiling water for 8 min, then cooled with running water. The eggshells were peeled slowly from boiled eggs then the boiled eggs were cut into 4 parts and placed inside a closed container coded with a random 3-digit number for organoleptic testing. After testing one sample, panelists were asked to drink water and eat original crackers to neutralize the taste. For consumer acceptance testing, panelists were given a questionnaire containing a 9-point hedonic scale (Lawlor et al., 2010) and filled out the form by putting a check mark (√) on the points according to the panelists' preference level for the sample. The choices of the 9 point hedonic scale were (1) dislike extremely, (2) dislike very much, (3) dislike moderately, (4) dislike slightly, (5) neither like nor dislike, (6) like slightly, (7) like moderately, (8) like very much and like extremely (9).
Data analysis
Research data were tested using analysis of variance to determine whether there was any effect of dietary treatment on the variables tested (Minitab 17, Minitab Inc. 2015) . If there was a treatment effect, testing was continued with the Duncan's Multiple Range Test to find out the differences among the means (Gul et al., 2012) .
RESULTS AND DISCUSSION
External quality of eggs
Analysis of variance revealed that there were no significant effects of different diets on egg weight, egg index, egg specific gravity, eggshell weight and eggshell thickness (Table 2) . Table 2 . External quality of eggs with the addition of purslane meal in the diets T0, basal diet; T1, basal diet + 2% purslane meal; T2, basal diet + 4% purslane meal; T3, basal diet + 6% purslane meal and T4, basal diet + 8% purslane meal; NS = not significant.
Egg weight
Supplementation of purslane meal (Portulaca oleracea) to the level of 8% in the diets of brown laying hens did not have a significant difference in egg weight although there was a tendency for an increase in egg weight (P <0.1). The results obtained were supported by the results of research by Gheisari and Ghayor (2014) which found that there were no differences in egg weight produced from chickens fed with rapeseed oil supplementation up to the level of 20%. In addition, a study conducted by Kartikasari et al. (2015) showed that the feeding of ALA rich diet to the 6% level did not affect the egg weight.
The egg weight in this study was not significantly different because it was likely caused by the weight of the albumen which did not increase. Chicken eggs consist of 64% of the albumen so the weight of the albumen affects the weight of the eggs produced (Amrullah, 2003 (Kartikasari et al., 2017) . The tendency to increase egg weight by purslane meal supplementation in the diet is likely due to the increase in egg yolk weight with the addition of purslane meal in laying hen diet. Kul and Seker (2004) stated that egg weight is directly proportional to egg yolk weight. The increase in egg yolk weight is probably due to the fact that ALA in purslane meal is deposited on egg yolk. The results obtained were supported by the results of egg yolk weight analysis which showed an increase in egg yolk weight by the addition of purslane meal (Kartikasari et al., 2017) . The average of chicken egg weight fed with the addition of purslane meal was 62.71 g. Egg weights in this study were classified as normal and included in the large classification. According to SNI (2008), egg weights for consumption are classified into <50 g (small), 50-60 g (medium) and > 60 g (large). This result is also supported by the opinion of Rasyaf (2004) which stated that the normal egg weight of purebred chicken was 57.6 g per egg.
Egg index
The results showed that the egg index was not significantly different (P> 0.05) with the dietary inclusion of purslane meal (Portulaca oleracea) to the level of 8% ( Table 2 ). The data obtained was supported by research carried out by Melviyanti et al. (2013) who found that the use of functional feed containing n-3 fatty acids in chickens did not significantly differ in the value of the egg index.
These results were probably caused by the calcium content in the feed which was relatively similar so that the shape of the eggs produced would be the same. According to Yuwanta (2004) , the variation in egg length and width was influenced by the nutrient content of laying hens, especially calcium because it plays an important role in the process of calcification of eggshells. The correlation between the length and width of the eggshell can determine the value of the egg index (Fadilah and Fatkhuroji, 2013) . The results of the current study showed that the egg had an elongated oval shape because the egg index value was between 0.65-0.71. This value is still below the normal egg index standard. This is based on the statement of Gul et al. (2012) who reported that the egg index value is in the range between 0.73-0.75. The egg index obtained in this study is likely due to the age factor of chickens that have entered the post production phase that is above 54 weeks. This is in line with the opinion of Yuwanta (2010) who said that the egg index will decrease progressively with increasing age.
Egg specific gravity
The results of the study showed that supplementation of purslane meal up to a level of 8% did not result in a significant difference (P> 0.05) on egg specific gravity ( Table 2 ). The data obtained is in accordance with the opinion of Najib and Al-Yousef (2010) that the use of essential fatty acids to the level of 20% had no significant effect on egg specific gravity. The specific gravity achieved was probably due to the relatively similar calcium and phosphorus content of the dietary treatment (Table 1) , so the calcium content in the eggshell was also no different. According to Nascimento et al. (2014) , egg specific gravity was influenced significantly by calcium consumption. This statement is supported by the opinion of Harmayanda et al. (2016) which stated that calcium consumption has a positive effect on egg specific gravity. The egg specific gravity obtained in this study was 1,085-1,097 and this result is quite good and normal. This is based on the opinion of Ahmad et al. (2003) which stated that good egg quality had a specific gravity above 1.070.
Eggshell weight
The eggshell weight of laying hens fed with the addition of purslane meal to the level of 8% had no significant effect (P> 0.05; Table 2 ). The mean weight of shells obtained in this study was 5.68; 5.72; 6.31; 6.02 and 5.76 at the additional levels of purslane meal 0, 2, 4, 6 and 8%, respectively. The results are in accordance with those reported by Bean and Leeson (2003) that the addition of 10% ALA-rich flaxseed in the diet did not affect the weight of the shells both in brown and white laying hens.
This result is supported by the opinion of Yassein et al. (2015) which said that the use of flaxseed up to the 15% level had no effect on eggshell weight. The quality of shells is closely related to the supply of calcium obtained during the process of eggshell formation (Suprijatna et al., 2008; Jacob et al., 2009 ). Purslane plants contain calcium which reaches 65 mg / 100 g (Uddin et al., 2014) . The absence of eggshell weight differences is likely due to the relatively similar calcium content in the diet between dietary treatments, which is around 3.10%. The percentage of eggshell weight is between 9-10% of egg weight. Sokolowics et al. (2018) stated that the weight of eggshells is around 10-12% of the total egg weight. The results showed that the quality of eggshells produced by supplementing purslane meal in feed resulted in optimal quality of shells.
Eggshell thickness
Supplementation of purslane meal (Portulaca oleracea) to the level of 8% did not show any significant effect (P> 0.05) on eggshell thickness as shown in Table 2 . The mean of eggshell thickness in this study was 0.34; 0.32; 0.35; 0.33 and 0.34 with the addition of 0, 2, 4, 6 and 8% purslane meal, respectively. The results were supported by Nobakht (2014) that the addition of purslane by 2% in the Hi-Line chicken diet (W-36 strain) did not significantly affect the thickness of the shells. Bean and Leeson (2003) also reported that adding 10% flaxseed to the diet did not change the thickness of the eggshell produced by both brown and white laying hens.
The lack of difference in eggshell thickness between the control and experimental diets might also be caused by the relatively similar balance of calcium and phosphorus in the diet from each dietary treatment, as shown in Table 1 . The availability of phosphorus and calcium in the diet could influence the thickness of the shell (Leeson and Summers, 2005; Ahmad et al., 2003) . This suggests that the quality of eggshells is determined by the thickness and structure of the skin. Therefore, it is important to consider the calcium content in the diet so that laying hens can produce an optimal eggshell. A study conducted by Sokolowics et al. (2018) found that the thickness of eggshell ranges from 0.30 to 0.35 mm. The average thickness of the eggshell from this study is 0.34 mm, thus the eggshell is good quality.
Consumer preference assessment
Sensory attributes of egg yolk assessed by consumers included color, texture, taste, aroma, taste and overall preferences, as shown in Table 3 .
Egg yolk colour
Analysis of variance showed that purslane meal supplementation to the level of 8% has a very significant effect (P< 0.01) on egg yolk preference. Color is one of the main parameters related to consumer desires for eggs. Increased egg yolk color might be related to the presence of natural pigments in purslane. Kartikasari et al. (2017) reported that increasing levels of dietary purslane meal increased yolk color intensity. This is because purslane is a plant that contains many nutrients such as β-catotene and xanthophylls (Raju et al., 2007; Uddin et al., 2014) . The increase in egg yolk colour intensity fed with supplementation of purslane meal is likely due to the purslane meal consumed by chickens as a source of β-catotene and yolk xanthophylls (Raju et al., 2007) . Increasing the level of purslane meal increases the amount of xanthophylls and vitamin A in egg yolk, thereby increasing the intensity of the color of the yolk. , basal diet; T1, basal diet + 2% purslane meal; T2, basal diet + 4% purslane meal; T3, basal diet + 6% purslane meal and T4, basal diet + 8% purslane meal; NS = not significant.
Egg texture
The results showed that supplementation of purslane meal to the level of 8% had no effect on the rating score on egg texture preference, One factor that is likely to play a role in egg yolk texture is the yolk fat content, and this result is in line with the study of Kartikasari et al. (unpublished data) that the purslane meal supplementation in laying hen diet did not show differences in egg yolk fat content. An increase in n-3 fatty acid content of the diets might increase the n-3 fatty acid content of eggs produced, but had no effect on egg fat content, so it had no effect on the texture of egg yolks. This result is supported by research of Hayat et al. (2010) who found that the addition of flaxseed rich in n-3 fatty acids in laying hens had no effect on egg texture.
Aroma
Panelists' assessment of egg flavor preference did not differ by the addition of purslane meal to diets up to the level of 8%. According to Setyaningsih et al. (2010) , the aroma evaluation shows sensory properties that require sensitivity in feeling and smelling food. Based on the hedonic test of boiled eggs, it was shown that the consumer's preference for aroma was 'like slightly' (score 5.8). The results obtained are as reported by Tserveni-Gousi et al. (2001) that the supplementation of flaxseed and tymus meal resulted in normal aroma preferences. Hayat et al. (2010) added that the use of flaxseed to laying hen diets did not affect the sensory quality of eggs and consumer preferences, especially the aroma of eggs.
Taste
The results of consumer preference analysis showed that purslane meal supplementation did not influence the taste of eggs. Panelist rating of the taste of boiled eggs is 'like slightly'. This is because purslane plants have high antioxidant content (Irawan et al., 2003) . According to Fraeye et al. (2012) antioxidant substances can maintain the stability of egg fat so it does not affect the taste of eggs. This result is as reported by Hayat et al. (2010) that the addition of flaxseed to the diets of laying hens provided consumers with normal taste preferences.
Flavor
The results of the study found that purslane meal supplementation up to a level of 8% did not influence the egg flavor. These results are in line with Irawan et al. (2003) who reported that supplementation of n-3 fatty acids sourced from vegetable did not have a negative effect on egg sensory quality. In addition, a study conducted by Hayat et al. (2010) found that panelists could not detect differences in flavor between boiled eggs produced from diets added with 10% flaxseed and from the control diet. The results obtained indicate that lipid oxidation does not contribute to the emergence of offflavors or 'fishy' flavor in eggs resulting from feeding supplemented with n-3 fatty acids sourced from plants, for example extruded flaxeed up to a level of 10% (Imran et al., 2015) . The average score of consumer preferences for flavor was 6.2, which was 'like slightly'. The results obtained are supported by the panelist perception for aroma and taste which also did not differ between control eggs and eggs produced from chicken fed diets with the addition of purslane meal. Winarno (2002) adds that the assessment of aroma and taste plays an important role in the producing of flavor, which determines the level of consumer preferences.
Overall acceptance
There was no difference in the panelists' assessment of the overall acceptance of eggs produced by laying hens fed diets supplemented with purslane meal to the level of 8%. The average score of consumer preference for overall acceptance of eggs is 'like slightly'. This is because overall, the eggs produced are similar to regular eggs. Although the color of the yolk is higher in intensity, it does not affect overall consumer preferencesThis is in accordance with a study carried out by Hayat et al. (2010) which reported that the addition of flaxseed and vitamin E as antioxidants did not have a significant effect on overall consumer acceptance. TserveniGousi et al. (2001) added that the addition of flaxseed and thymus meal had no effect on aroma, taste and overall acceptance. Sensory quality in overall is influenced by the assessment of taste and aroma (Winarno, 2002) 
CONCLUSION
It can be concluded that purslane meal (Portulaca oleraceae) can be used in laying hens with a maximum level of 8% without decreasing the external quality and sensory quality of the eggs. Diet containing purslane meal increases consumer preference for egg yolk color because of intensed egg yolk color.
ACKNOWLEDGMENT
The authors thank Universitas Sebelas Maret for providing research funding through PNBP PK-UNS 2016. 
REFERENCE
